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ABSTRACT 
Hydroacoustic monitoring and sampling of San Francisco Bay 
her r ing  s tocks  were conducted from December 1981 t o  March 1982. 
Major schools usually were located i n  c e n t r a l  San Francisco Bay 
between 30 and 90 f t  deep p r i o r  t o  spawning. The l a r g e s t  school 
observed had an estimated volume of 1.5 b i l l i o n  f t 3 ,  There was 
some consistency between t h e  maximum calcula ted  volume of a 
school p r i o r  t o  spawning and the  subsequent spawning biomass esti- 
mate, based on egg counts, by Marine Resources Region personnel.  
Herring samples were obtained with v a r i a b l e  mesh g i l l  n e t s ,  a 
midwater t rawl  and from commercial purse s e i n e  and lampara ves- 
sels. Eight d i s c r e t e  spawns w e r e  sampled f o r  s i z e  and age com- 
posi t ion ,  although d a t a  from December and e a r l y  January samples 
w e r e  biased due t o  s e l e c t i v i t y  of t h e  g i l l  n e t  mesh ar ray .  I n  
general ,  a t rend was observed of decreasing mean s i z e  and age a s  
t h e  season progressed. 
Ages of he r r ing  ranged from 2 t o  9 years.  From 87 t o  94% of t h e  
f i s h  sampled with a midwater t rawl ,  1.5- t o  2.5-in mesh a r ray  
g i l l  n e t ,  and from commercial roundhaul samples consis ted  of 2-, 
3-, and 4-year-olds. 
Calculat ion of des i red  sample s i z e  f o r  fu tu re  work i n d i c a t e s  
t h a t  17 f i s h  per  10-mm s i z e  i n t e r v a l  need t o  be aged t o  deter-  
mine age composition of each spawning population. 
1/ Marine Resources Administrative Report 82-8. 
- 
a Marine Resources Branch, 411 Burgess Drive. 
Menlo Park, Ca l i fo rn ia  94025. 
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1 ~ I W C T . I O N  
'Ebe majar objective of t he  Pacific Herrfng Research Project  i s  t o  
improve populatian estimates of herr ing stocks i n  San Francisco Bay i n  
d e r  t o  assist in the  development of annual f ishery regulations and 
detect changes in her r ing  abundance. Field and laboratory work during 
the 1981-82 season sought t o  achieve the following re la ted  objectives : 
determine types of gear which a r e  adequate fo r  sampling herring 
before, during, and a f t e r  spawning events; 
acoust ical ly  monitor herr ing schools t o  determine r e l a t i v e  abundance 
. and d is t r ibu t ion ;  
obtain temperature and s a l i n i t y  prof i les  of water associated with 
herring d i s t r i bu t ion  ; 
determine age and s i z e  composition of herring samples fo r  the  1981- 
82 season; 
determine adequate sample s i z e  f o r  fu ture  f i e l d  work. 
Acoustic Monitoring 
Acoustic monitoring of herring schools was conducted from the Depart- 
ment of Fish and Game's 23-f t RV CRAGO, using a Raytheon model DE-719B 
r e c o d i n g  fathcmeter depth sounder. Surveys were made approximately 3 
days each week from December 28, 1981 t o  Marih 26, 1982. Area surveyed 
included cen t r a l  and south San Francisco Bay bounded by the  Richmond-San 
Bafael Bridge, Oyster Point,  and the  Golden Gate Bridge, and t h e  area 
between the  Golden Gate  Bridge and Pt.  Bonita (Figure A). All monitoring 
was done a t  an engine speed of 1700 RPM, equivalent t o  6.9 knots. 
W b d - E b y  &id 
South 
Son Francisco Bay 
t:. .I. : :. . d .  , 5 mi 
10 km 
Figurel .  Pacific h e m n g  spawning, acoustic survey, and sampling 
areas i n  San Francisco Bay, 1981 - 1982. 
Herring sdtaools were p l o t t e d  on char t s  of San Francisco Bay using 
a cambination of ca lcu la ted  h o r i z o n t a l  school dimensions and bottom depths 
from acous t i c  tracings, course bear ings  from a compass, and known land- 
marks. A planimeter  was u s e d  t o  c a l c u l a t e  the  su r face  a r e a  of t h e  school. 
An average h e i g h t  of t h e  schoo l  was estimated by v i s u a l l y  i n t e g r a t i n g  
heights  along fbe h o r i z o n t a l  axes of t h e  school. School volume was then 
estimated by d t i p l y i n g  the sur face  a rea  by t h e  average height .  
Temperature and S a l i n i t y  P r o f i l e s  
Temperature and s a l i n i t y  of San Francisco Bay waters were determined 
with a Martek Zkxk V I  Water Qual i ty  Analyzer on most f i e l d  days. A t  mini- 
- mum, readings were taken at t h e  su r face  and bottom i n  depths l e s s  than 
25 m. Occasionally readings  w e r e  taken a t  5-m i n t e r v a l s  between t h e  sur-  
f ace  and t h e  bottom o r  25 r, 
F i e l d  Sampling 
- 
Gear Types 
Prawn Traps, C o x a e r c i d  prawn t r a p s ,  of wicker const ruct ion and mea- 
sur ing approximately l-m larig and 0.5-m diameter, were used with l i t t l e  
success i n  December 1981. 
G i l l  N e t s .  Three types  of nylon, multi-filament, v a r i a b l e  mesh g i l l  
n e t s  were used, a11 with 6-ft high by 10-ft  long panels i n  an ar ray .  
From December 7 ,  1981 t o  February 2, 1982, n e t s  used consis ted  of five panels 
with mesh s i z e s  {distance between opposi te  knots when mesh is s t re tched)  
1.875, 2.0, 2.125, 2.25, and 2.375 inches. From February 2, 1982 u n t i l  
the end of the season,  a f i v e p a n e l  n e t  w a s  used with !esh s i z e s  1.5, 1.75, 
2.0, 2.25, and 2-5 inches. A six-panel  n e t ,  s imi la r  t o  t h e  previous a r ray  
but  with an  additfional 1 . 2 E i n c h  panel ,  was used t o  c o l l e c t  t h r e e  samples 
i n  March 1982. 
Bets were set and re t r ieved  by hand. A positively-buoyant f l o a t  l i n e  
and a negatively-buoyant lead l i n e  maintained the  or ien ta t ion  of the  ne t  
in a v e r t i c a l  plane. N e t s  were anchored i n  place during a f i sh ing  period. 
The nets usually were rigged t o  f i s h  on t he  bottom, but occasionally l i n e  
was added t o  t h e  anchor t o  allow the  ne t s  t o  r i s e  and f i s h  off  the  bottom. 
1 Double f l o a t s  at tached t o  polypropylene l i n e  marked t h e  ne t  's posi t ion 
a t  t h e  surface. Soak times were var iab le  and ranged from 0.5 t o  24.5 hr.  
Hidwater Trawl. A 12-f t square (mouth opening) double warp midwater 
trawl v i t h  a 0.5-inch s t re tched mesh cod end was used t o  sample herring 
from January 22 t o  February 16, 1982. The trawl was l imited t o  a maximum 
depth of approximately 40 f t  due t o  the  amount of avai lable  cable and 
/ 
bridle (225 f t )  and a wire angle of 80' from the  v e r t i c a l  a t  tow speed. 
1 - N  
The n e t  w a s  s e t  and retrieved using two e l e c t r i c  winches. :Tow duration 
ranged from 3 t o  8 min, and tow speed was 1 t o  2 knots. 
Caaglercial Samples. From January 20 t o  February 12, 1982, addi t ional  
samples w e r e  obtained from commercial purse se ine  and lampara boats i n  
the process of catching herring.  Fish were collected with a hand b r a i l e  
.as they were brought t o  t he  s ide  of t he  boat with the net. Commercial 
roundhaul samples a l s o  were obtained by Marine Resources Region (MRR) 
:personnel a t  the San Francisco wharf on .January 20 and February 2, 19 82. 
Fie ld  Processing of Samples 
Body length (BL), the Department's standard measurement f o r  herr ing 
(Spratt 1981), was determined t o  the  nearest  millimeter from the  t i p  of 
the saqut t o  the  end of the  pigment underneath the  l a s t  column of sca les  
on the caudal peduncle. I n  December 1981, herring f r o n i g i l l  net  samples 
were measured and sexed,when f resh  but  were not separated by mesh s ize .  
All other g i l l  ne t  samples were separated by mesh size; f i s h  from an 
d o w n  mesh size (those t h a t  had f a l l en  out of the ne t )  were included . 
in the samples. Every f i s h  from a l l  but  three samples was measured 
e i the r  i n  the f i e l d  or  i n  t he  laboratory; because of t h e i r  s ize ,  these 
three sanples w e r e  subsampled f o r  length. Every f i s h  from a l l  but f i ve  
samples vas sexed e i t h e r  i n  t h e  f i e l d  o r  laboratory, by examination of 
gonadalmaterial; because of t h e i r  s ize ,  these f i v e  samples were sub- 
aampled f o r  sex. 
Laboratory Processing of Samples 
Length - 
Many samples were returned t o  the  laboratory and frozen before being 
/ 
measured and sexed. A correction factor  was developed fo r  converting 
thawed length t o  f resh  length by remeasuring 300 f i s h  that .were or ig i -  
nally measured when fresh.  It was found tha t  the  average f resh  length . 
was 1.029 times grea te r  than the  average frozen/thawed length. There- 
fore, the  following increments were added t o  BL fo r  frozen/thawed f i s h  
i n  four sike groups: 125-155 mpn BL, 4 mm; 156-189 mm BL, 5 mm; 190- 
224 nun BL, 6 mm; 225-250 mm BL, 7 mm. These corrected lengths w e r e  used 
i n  a l l  da ta  analyses. 
Sex and Maturitv 
A maturity code was assigned t o  those f i s h  t h a t  were sexed. Females 
- 
were c lass i f ied  as e i t h e r  maturing (eggs small and pale),  mature (eggs 
large, yellow-orange), o r  spent (few or  no eggs remaining i n  ovaries). 
Maturing testes could no t  be dist inguished from those tha t  were mature. 
Otolitha m 
Otoliths were removed from herring,  cleaned i n  fresh water and then 
ethanol, and s tored dry i n  individual  v i a l s  o r  ge l a t i n  capsules. For 
i 
large samples, her r ing  were e i t h e r  randomly selected o r  se lected by s i z e  
group f o r  o t o l i t h  remwal. Oto l i ths  were read i n  ethanol under a dissect-  
ing scope by two readers independently. When disagreement concerning the  
age of a f i s h  occurred, the  f i r s t  reader would do a second reading. I f  
o t o l i t h s  were of poor qua l i ty ,  or agreement could not be reached, the  
age determination was not used. 
Assigned Age by Length 
Ages were assigned t o  lengths of f i s h  (2-mm in te rva l s )  not aged, based 
on t h e  r e l a t i v e  percentage composition of ages (from o to l i t h s )  f o r  a par- 
ticular s i z e  in te rva l .  For example, i f  one f i s h  occurred i n  the  sample 
' at 158-159 m and w a s  not o r  could not be aged, it  was assigned an age 
of 2 because t h a t  age had the  highest  frequency of occurrence f o r  a l l  f i sh  
aged i n  t h a t  s i z e  i n t e r v a l  (see Table 10). 
Computer Processing of Samples 
. 
Length and sex da ta  fram a l l  herring samples were entered i n  a Radio 
Shack TRS-80 microcomputer, Model I, using a program developed by person- 
n e l  of our Biametrics Unit. Mean, standard deviation, and standard e r ror  
of BL, and length frequency i n  2-mm in te rva l s ,  by sex, were generated fo r  
each sample and for each gear type (each mesh s i z e  was considered a gear 
type f o r  g i l l  net samples) . 
S t a t i s t i c a l  cuaparisons of samples and gear types were done on the  
Department ' s minicomputer using the  BMDP3D program. 
Supplementary Data 
facal. p rec ip i ta t ion  and barometric pressure data  were obtained from 
the  National Weather Service o f f i c e  a t  San Francisco ~nze rna t iona l  Airport 
f o r  use i n  de temin ing  i f  a re la t ionship ex i s t s  with spawning events-  
RESULTS AND DISCUSSION 
Acoustic Monitoring 
Thirty-eight days were spent  conducting acous t i c  surveys i n  San 
Francisco Bay frora December 28, 1981 t o  March 26, 1982 (Table 1) . Schools 
of he r r ing  genera l ly  were observed i n  water  deeper than 60 f t  i n  c e n t r a l  
San Francisco Bay and t h e  Golden G a t e  bounded by Treasure Is land,  Pt .  
Diablo, and Pt. m n c e y  (Figure 1). From January 25 t o  February 2 school- 
ing a l so  occurred i n  the South Bay p r i o r  t o  a spawn between Coyote Point  
and China Basin [Ffgurs 1). The only s i g n i f i c a n t  period of l i t t l e  o r  no 
schooling acitivity, based on f i e l d  observations and commercial landings,  
. was t h e  1 0  days fo l lowing t h e  January 6 t o  8 spawn. 
Observations af major schools  (longest hor izon ta l  dimension g r e a t e r  
than 1,000 ft), ~ c c u r r e d  on 20 days; t h e  g r e a t e s t  length of a school was 
approximately 23,500 f t .  School height  o r  thickness ranged from 5 t o  
. 
30 f t .  No esthatce of a c t u a l  school densi ty  could be made; thus ,  acoust ic  
t rac ings  were ca tegor ized as low, medium-low, medium, medium-high, o r  high. 
During spawning events ,  schools dispersed and volume estimates could not  
be made. 
A general  pa tze rn  of schooling behavior was noted i n  t h a t  most schools 
remained between 30 and 90 ft deep f o r  a t  l e a s t  several days p r i o r  t o  
spawning. On tuo occasions,  February 3 and 16, w e  observed one d i s c r e t e  
school near t h e  s n r f a c e  d i r e c t l y  over a separa te  school near t h e  bottom. 
It is l i k e l y  t h a t  the s u r f a c e  school was about t o  spawn o r  had j u s t  spawned 
because schools about t o  spawn genera l ly  d isperse  i n  shallower depths. 
Two schools were observed on February 12 t h a t  probably.be1onged t o  separa te  
spawning runs. Qne school was d i s t r i b u t e d  between 60 and 90 f t  deep, t h e  
maximum school depth recorded dur ing t h e  survey, and most l i k e l y  spawned 
TABLB 1. Buam~rty of Hydroacou~tic Suweyr, 8an Francirco Bay, Dacamber 1981 to March 5982. 
SQIOOL DIMENSIONS 
Area Observed Creates  t 21 Greatest  Surface Height Voluma Tracing S u b s e q ~ t  B i a s r a  
Date surveyed - a c t i v i t y  length ( f t )  width ( f t )  a r ea  ( f t  ) ( f t )  ( f t3)  densi ty apawn 2 1 ea t .  [tour) - 
Dec 28 
Dec 30 
Jan 6 
- J an  7-8 
Jan 8 
Jan 12 
Jan 13 
Jan 15 
Jan 16 
Jan 18  
Central  Bay 
Richmond 
Central  Bay 
Central Bay 
Central  Bay 
Golden Gate 
Central Bay 
Treasure I 
Central Bay 
Golden Gate 
Treasure I 
Central Bay 
Central Bay 
Central Bay 
Richmond 
Central Bay 
Central Bay 
schooling 7,500 
none 
- I - 10 - medium Jan 5-8 7,260 
schooling 8,500 2,000 9. 1x10~ 20 1 . 8 ~ 1 0 ~  high Jan 5-8 7,260 
spawning no d i s c r e t e  schools ongoing 7,260 
none 
3/ small  schools - ongoing . 7,260 
none 
none 
none 
none 
none 
schooling 7,000 
* 
1.1X108 medium- Jan 19-22 13,360 
high * 
1 . 5 ~ 1 0 ~  medium Jan 19-22 13,360 schooling 8,000 
none 
s chooling 1,500 700 1. 0x10~ 
echooling 2,000 - - 
* 
2 . 0 ~ 1 0 ~  high Jan 19-22* 13,360 
- high Jan 19-22 13,360 
4 
Jan 19 Central Bay 
Jan 20 Central Bay 
Jan 22 Central Bay 
Central Bay 
Jan 26 Central Bay 
Treasure I 
Jan 27 South Bay 
 an' 29 Central Bay 
Treasure I 
spawning no d i s c r e t e  schools ongoing 13,360 
3/ 
small schools - ongoing 13,360 
ongoing 13,360 
1 . 5 ~ 1 0 ~  high Jan 19-22 13.360 
spawning no d i s c r e t e  schools 
schooling 4,500 4,000 1 . 5 ~ 1 0 ~  
schooling 1,700 1,500 1 . 9 ~ 1 0 ~  . . 
none 
9 . 5 ~ 1 0 ~  high Jan 25-Feb 2 7,400 
3/ small  schools - ongoing 7,400 
none 
none 
TABU 1. (continued) 
SQlOOL D ~ S I O N B  
Area Obsemed Greatest  Greateet Surface b i g h t  Volume Tracing s u b a c q u n n a  Biaurr 
Date ~urveysd  1' ac t iv i ty  length ( f t )  width ( f t )  area ( i t  (Et) (f t3)  densi ty mp.vn aar. (tat.) 
Peb 2 
Irb 3 
Feb 5 
Feb 9 
Peb 10  
Feb 12 
Feb 16 
Peb 17 
Feb 19 
South 
South Dry 
South Bay 
Central Bay 
Treasure I 
Richmond 
South Bay 
Golden Gate 
Central Bay 
Central Bay 
Central Bay 
Central Bay 
Central Bay 
Central Bay 
Golden Gate 
Golden Gate 
Central Bay 
Central Bay 
Central Bay 
d 
Central Bay 
Central Bay 
Central Bay 
Treasure I 
South Bay 
Central Bay 
Treasure I 
Richmond 
Central Bay 
Central Bay 
spawning . 
rchooling 
echooling 
a c h ~ l i f k g  
none 
none 
none 
none 
schooling 
schooling 
schooling 
schooling 
schooling 
schooling - 
none 
6 / schooling - 
schooling 
schooling 
schooling 
spawning 
schooling 
schooling 
none 
none 
spawning 
none 
none 
spawning 
schooling 
no d iscre te  schools 
5,600 500 2. 8x10~ 
5,400 600 3. 21t106 
1.080 400 4. 0x10~ 
no d iscre te  schools 
4,500 1,500 3 %lo6 
4.500 600 2.8X10 
no d i sc re t e  schools 
no d i sc re t e  echools 
5,000 1,000 5; 4 x 1 0 ~  
ongoing 7,400 
2 .8xlo7 hi rh  rprwn jur t 7,400 
completed 
3 . 2 ~ 1 0 ~  medim ?-beparat@ retictal n**r 
bottom 
2 . 0 ~ 1 0 ~  medium Peb 10-12 11,660 
- medium- Feb 10-12 
high 
, medium Feb 10-12 
1.3X107 low Feb 10-12 
3.4XlO7 low Feb 10-12 
2.6X107 low Feb 10-12 
7.5X10 medium Feb 10-12 
Feb 10-12 
7 . ~ 1 0 ~  medium Feb 10-12 
8 3.9X108 medium Feb 10-12* 
l.lXl0 high Feb 16-19 
7 ongoing 4.9X10, medium . Feb 16-19 
4.2X10 high Feb 16-19 
ongoing 1,470 
ongoing 1,470 ' 
5 . 4 ~ 1 0 ~  medium- March 5-8 14,320 
high 
Feb 25 
Feb 26 
M a r  2 
M l i f  3 
M a r  4 
Mar 5 
Mar 10 
Mar 11 
Mar 12 
Mar 15 
Mar 18  
Mar 25 
Mar 26 
TABLE 1. (continued) 
SCHOOL DIMENSIONS 
Area Observed Grea tes t  Grea tes t  Surface Height Volume Tracing Subsequent Biomaer 
Date surveyed a c t i v i t y  length ( f t )  width ( f t )  a r e a  ( f t  ) (f t )  (f t ) dens i ty  epsvn 2/ est. ( t m a ) 9  
Central Bay schooling 15,000 3,000 3. 3 x 1 0 ~  15 4 . 9 ~ 1 0 ~  high Miarch 3-8 14,319 
Central Bay schooling 23,500 
Central Bay schooling 3,000 
Centtal  Bay schooiing 2,000 
Central Bay small schools only 
Central Bay spawning 
Treasure I none 
Central Bay schdoling 3,000 
Central Bay schooling 11,000 
Central Bay schooling 5,500 
Central Bay schcol ing 3,000 
Central Bay schooling 41  4,000- 
Central Bay schooling 6,000 
Central Bay none 
4 
7 / Central Bay schooling - 
7/ Central Bay schooling - 
7 / Central Bay schooling - 
Treasure I none 
South Bay none 
8 3.7X107 low 
1.4X10 high 
7 3.7XlO medium- 
low 
2.1X10 medium- 
high 
7 6.OX1O7 low 
2.3XlO medium 
- medium- 
high 
1 . 6 ~ 1 0 ~  medium 
March 5-8 
March, 5-8 
March 5-8 
March 5-8 
March 5-8 
ongoing 
March 13-14 
March 13-14 
March 13-14 
March 13-14 
March 13-14 
March 13-14 
TABLE 1. (mtt i i rusd)  
Clntrrl Bay includrr rX1 wrtrrr batwren Richmond-kn k f r r l  Iridgr, Goldma &to Iddgm, md Oaklmd-Bay Iridga, except 
f o r  thore  wrtrrr r h d l a w a r  than 60 f t ,  emt of a l i n e  d r m  between the west end of t h e  Oakland-Bay Bridge and t h e  a a r t  
end of the Richmond-San ~ a f a e l  Bridga; Golden Gate includes waters between t h e  Golden Gate Bridge and a l i n e  drawn from 
Pt .  Bonita t o  Mile Rocks; South Bay includes waters  f r m  the  Oakland-Bay Bridge south t o  Brooke Is land;  Richmond ibd i -  
ca tes  t h e  ee lgrass  beds nea t  j e t t y  adjacent  t o  Brooks Is land;  Treasure Is land i n d i c a t e s  waters  l e s s  than 60-ft deep sur-  
rounding Yerba Buena and Treasure I s lands .  
Spawning d a t e s  and b i w a s a  est imates  a r e  based on i n t e r t i d a l  and s u b t i d a l  sunteyr  by Dept. F i sh  and Game (Sprat t  1982, 
i n  press).  Those da tes  fol loved by an a s t e r i s k  (*) have been modified by acous t ic  surveys and f i e l d  observations. 
Spawning probably occurred dur ing  a c o u s t i c  monitoring, bu t  c o m e r c i a 1  boat a c t i v i t y  prevented eunrey of a rea  c l o r e  to shot.. 
Probably t h e  same school a s  previous one; s e p a r a t e  surveys were conducted about 2 h apar t .  
Probably t h e  rime school  as previous two combined; s e p a r a t e  surveys were conducted about 2 h apar t .  
A l a r g e  school was t raced with an incoming t i d e  and was surveyed again (next school  l i s t e d )  i n  t h e  Cent ra l  Bay dur ing  
s l a c k  t ide.  
Canposition of  school could not  be v e r i f i e d  by sampling and may no t  have been herr ing.  
during February 16 to 19. The o t h e r  school  occurred between 20 and 50 f t  
deep and probably spawned t h e  night of February 12. 
Th.ere was some cons i s t ency  between t h e  maximum c a l c u l a t e d  volumes of 
observed h e r r i n g  schoo l s  and subsequent spawning biomass e s t i m a t e s  by MRR. 
The four l a r g e s t  s c h o o l s  du r ing  t h e  a c o u s t i c  survey pe r iod ,  i n  terms of 
volume, were those  that spawned on January 19-22, February 10-12, and 
March 5-8, and 13-14. The f i r s t  t h r e e  schools  a l s o  had t h e  t h r e e  l a r g e s t  
MRR biomass es t ima te s ,  No e s t ima te  was made of t h e  March 13-14 spawn due 
t o  t he  t e rmina t ion  of MRR surveys  on March 12. A t  t h e  p r e s e n t  t ime the  
e r r o r  fn our  volume e s t i m a t e s  is  unknown, but  i n  gene ra l ,  maximum volume 
3 
- es t imates  of l a r g e  h e r r i n g  schoo l s  ranged from 30 m i l l i o n  t o  1 .5  b i l l i o n  f t  . 
Spawning and Phys i ca l  Fac to r s  
Cen t r a l  San F ranc i sco  Bay s u r f a c e  temperatures  f e l l  t o  t h e i r  annual 
lows i n  January and began t o  i n c r e a s e  g radua l ly  through March (Table 2 ) .  
Temperatures a t  dep ths  g r e a t e r  than  10 m remained f a i r l y  cons t an t  a t  
approximately 10 C du r ing  t h e  sampling per iod .  Although. temperatures  
were n o t  recorded on a d a i l y  b a s i s ,  t h e r e  i s  l i t t l e  evidence t o  sugges t  
t h a t  changes i n  tempera ture  may t r i g g e r  spawning even t s .  For example, 
a major spawn on January  19-22 fol lowed 2 weeks of f a i r l y  cons tan t  sur -  
f ace  temperature (8.4-9.0 C). 
- 
S a l i n i t y  
Recorded s a l i n i t i e s  ranged from 7.8 pp t  ( su r f ace  reading  n e a r  P t .  
Chauncey February 19) t o  29.9 pp t  (bottom reading nea r  Peninsula  P t .  
January 20) (Table 3). Surface  s a l i n i t i e s  gene ra l ly  were lower during 
o r  a f t e r  pe r iods  of s i g n i f i c a n t  r a i n f a l l  ( g r e a t e r  than 0.1 i n c h e s ) ,  such 
TABLE 2. Temperature (C) Prof i les ,  San Francisco Bay, December 1981 to March 1982- 
December January 
7 8 6 6 7 12 13 15 15 15 16 18 1/ . Location- CB CB CB CB CB CB CB CB CB CB CB CB 
Temperature: 
Surf ace 12.0 12.0 9.2 9.2 8.6 8.6 8.4 8.5 8.9 8.9 8.7 8.4 
5 m 9 . 3  9 .o 
10 m 10.2 
15 m 10.3 
20 m 10.3 
25 m 10.3 
Bottom 12.2 12.3 9.3 9.2 8.8 9.2 9.6 8.4 10.3 8.9 8.8 8.7 
Bottom d e ~ t h  (m)  4.2 3.0 12.6 2.4 3.1 4.7 4,7 3.3 27.0 3.3 5.3 3.8 
January February 
1 / 19 19 19 20 22 22 2 2 2 6 2 7 27 2 3 Location- CB CB CB CB CB CB CB CB . SB S B S B CB 
Temperature: 
Surf ace 8.8 8.5 8.4 8.4 9.0 9.3 8.7 9.1 9.4 9.5 9.8 9.5 
5 m 9.6 9.7 9.6 9.3 9.3 9.3 9.8 
10 m 9.8 9.9 10.2 9.5 9.4 9.8 
15 m 10.0 10.2 9.5 10.3 
20 m 10.3 10.3 10.3 
25 m 10.3 10.3 10.3 
Bo t t'om 9 . 6  9 . 4  10.0 9.8 9.5 9.3 9.4 9.5 
Bottom depth (m) 5.6 3.7 > 25 3.7 6.7 > 2 5  725 15.0 6.2 12.0 4.5 >25 
TABLE 2. (cont inued)  
February 
3 5 9 9 9 10 1 0  1 2  12 16 1 6  16  1 6  1 I Locat i o n -  SB C9 CB CB CB CB GG GG CB CB CB CB CB 
Temperature: 
S u r f  ace 9.9 9.8 9 .9  10.1 9.5  9.4 9 .9  9 . 8  9.6 10.4 11.0  12.7 10 .3  
5 n! 9.7 1 0 . 1  10.0 1 0 . 1  9.9 9.9 10.0  9.6 10.4 
10 m 9 . 8  10.2 1 0 . 1  10.0 9.9 10.0  10.0  9 . 8  10.4  
15 m 10.2 10 .1  9.9 10.0  1 0 . 0  10.4 
20 m 10 .1  9 .9  10.0 1 0 . 1  10 .4  
25 m 1 0 . 1  10.0 10.1  10.4  
Bottom 9 . 8  10.2 1 0 . 1  10.0  9.9 10.0 9.8 10 .4  10.5 10 .3  
Botton depth (m) 11.0  16 .7  , 25 12.2  21.3 3 . 9  , 27.5 7 25 11.4  7 25 
- 
3.6 3.6 2.4 
February March 
1 7  17  1 7  1 9  19 19 25 2 5 2 6 26 3 4 4 11 Location- CB CB CB CB CB CB CB CB CB CB CB CB CB 
Temperature: 
Surf ace 10.4  10.6  10.9 10.9 8 .6  11.4  11.2  11.2 10.7 1 0 . 8  11.1 11.1 11.4 
5 m 1 0 . 1  
10 m 10.2 
'15 m 10.3  
Bottom 10.3  10.5 10.6  10.6 10.6  10.4 10.9 10.7 10.7 10.7 11.5 11.0 11 .5  
Bottom depth (m) 18 .0  21.0 1 2 . 1  15.2 15.2  
March 
11 5 10 10 1 5  1 8  Location-- CB CB CB CB CB 
Temperature: 
Surf ace 11.4  11.4 11.2  10.7 10 .4  
Bo t tom 11.0  11.3  11 .0  10.8 1 0 . 8  
I/ Legend: CB, c e n t r a l  Safi F r a n c i s c o  Bay between 
- 
Richmond-San R a f a e l ,  Oakland Bay, and 
Golden Gate Bridges;  SB, s o u t h  San 
Franc i sco  Bay, sou th  of Oakland Bay 
Bridge;  G G ,  w a t e r  seaward o f  Golden 
Gate  Bridge ou t  t o  P t .  Boni ta .  
-. sotton depth (n) 11 .2  2.6 1 2 . 1  13.6 12.0  
TABLE 3 .  Salinity ( p p t )  Profiles, San Francisco Bay, J a n u a r y  to March ,1982. 
J a n u a r y  
1 / 6 6 7 1 2  1 3  15 1 5  1 5  1 6  1 8  Locat ion- 
1 9  1 9  
CB CB CB CB CB CB CB CB CB CB CB CB 
S a l i n i t y :  
S u r f a c e  14 .2  14 .2  1 1 . 2  1 7 . 5  1 6 . 8  1 6 . 2  17 .4  1 7 . 4  19 .3  15.9 22.0 1 6 . 9  
5 n 15.0  20.0 
10  n 27.2 
15  m 27.7 
20 m 27.7 
25 rn 27.7 
E o t t o n  15 .4  1 4 . 8  13 .4  19 .2  2 0 . 1  16.4 27.7 17 .4  19.9 16.2 20.3 22.0 
J a n u a r y  Februa ry  
1 / 1 9  29 2 2 2 2 2 2 26 2 7 2 7 2 I-mat ion- 
3 
CB 
3 5 
CB CB CB C B CB S B S B S B CB CB C 3  
S a l i n i t y :  
Surf  ace 1 5 . 7  23 .3  23.0 24.0 20.9 20.3 20.3 21 .1  1 9 . 2  18.6 20.6 24.3 
5 m 23.4 25.6 25.0 22.0 20.8 21 .5  23.7 23.3 26.7 
1 0  m 24 .8  26.8 . 28.0 23 .5  21.9 24.3 23 .8  26 .9  
1 5  m 27.5 28 .1  23.4 28 .1  26 .9  
20 m 28.4  28 .2  
-28.1 
25 m 28 .5  28.2 28 .1  
Bottom 29.9 25.2 23.4 20.4 21.7 19 .5  23.8 26 .6  
B o t t c m  depth  (n) ) 25 3.7 6 . 7  25 7 2 5  15 .0  6 . 2  1 2 . 0  4.5 7 2 5  11.0 16 .7  
T m Z  3. (continued) 
February 
9 9 9 1 0  10 12 1 2  16 16 16 1 6  17 
/ L o c a t i o r  CB CB CB CB GG GG CB CB CB CB CB CB 
C d i ~ i t y :  
Surface . 24.6 27.5 20.6 23.5 26.4 24.2 22.4 2 0 . 6 . 1 8 . 2  9.0 11.3  15 .4  
5 m 25.7 27.7 23.8 26.6 26.3 23.5 21.6 1 8 . 1  
10 m 27.0 27.7 24.0 26.7 26.4 24.0 22.2 2 1 . 1  
15 3 27.3 23.9 26.7 26.6 23.8 21.5 
2C rn 27.1 24.3 26.8 27.1 26.4 
25 m 27.2 26.6 27.1 27.9 
Zottom 27.6 24.3 24.8 26.6 24.0 25.0 23.9 11.3 21 .3  
February March 
1 7  17 19 19 19 2 5 2 5 26 2 6 3 4 4 
J. ' i c c a t  ion-' 
-- 
CB CB CB CB CB ca CB CB CB c13 CB CB 
- - 
sziinity: 
Surf ace 1 9 . 1  20.8 17.6 1 6 . 1  7.8 18.8 21.9 8.6 17.2 14.4  16.9 15.9 
Eotton 29.0 21.8 23.0 28.4 1 9 . 1  24.8 24.9 17.5  25.4 17.0 19.6 1 6 . 8  
- ; ? t t c z d e r : h ( m ) 2 1 . 0  1 2 . i  15.2 15.2 13.0 13.6 12.7  17.7 12.2 14 .5  1 2 . 1  3 . 3 .  
- 
March 
c 
1- / J 10 10 15 1 8  - 1/ Legend: CB,  c e n t r a l  San F r a n c i s c o  Bag between k c a t i o r  CB Ci3 CB CB CB Richmond-San Rafae l ,  Oakland Bay, and 
S c-Lizity : ' Golden Gate  Bridges;  SB, s o u t h  San 
Surface 17 .3  20.5 25.4 17.2 12 .3  Franc i sco  Bay, sou th  of Oakland Bay 
Bottom 24.5 21.3 27.1 22.4 27.4 Bridge;  G G ,  w a t e r  seaward of Golden Gate Bridge ou t  t o  P t .  Boni ta .  
as January 6-7 and 18-19,, February 16-19, and Piarch 3-5. A h a l o c l i n e  
often was observed between 5 and 10 m deep, occas iona l ly  s t r o n g  enough 
t o  appear on t h e  fathometer  t r a c i n g .  Herr ing were c o l l e c t e d  i n  water  
wi th  s a l i n i t y  a s  low a s  14.8 ppt  (January 6 near  Peninsula  P t . )  and a s  
high a s  29.9 pp t  (January 20 near  Peninsula  P t . ) .  
P r e c i p i t a t i o n  
R a i n f a l l  d a t a  f o r  San Franc isco  Bay i n d i c a t e  a r e l a t i o n s h i p  may e x i s t  
between p r e c i p i t a t i o n  and t h e  o n s e t  of a spawning event .  Fourteen spawns 
occurred from November 1981 t o  March 1982. Of t h e s e  3.4, n i n e  o r  t e n  ( t h e  
biomass of t he  March 13-14 spawn was n o t  es t imated)  exceeded t h e  equ iva l en t  
of 1,000 tons of ?yawning biomass. Of these  t e n  spawns, t h e  onse t  of seven 
occurred wi th in  2 days fol lowing s i g n i f i c a n t  r a i n f a l l  ( g r e a t e r  than  0 . 1  inches /  
day).  Of t h e  t h r e e  remaining l a r g e  spawns, t h e  ma jo r i t y  of t h e  January 25- 
F ~ b r u a r y  2 spawn i n  t h e  South Bay began on January 27, 1 day a f t e r  s i g n i f i -  
can t  r a i n f a l l .  The March 5-8 spabm began 3 days a f t e r  s i g n i f i c a n t  r a i n f a l i .  
The February 10-12 spawn was t h e  only one no t  beginning i n  t h e  temporal 
proximity of a per iod  of r a i n f a l l .  
However, t h e  r e l a t i o n s h i p  between r a i n f a l l  and spawni.ng events  may b e  
co inc iden ta l  due t o  t h e  frequency of r a i n f a l l  du r ing  t h e  unusual ly  wet 
2 
win te r  of 1981-52. A Chi t e s t  was performed on t h e  observed and expected 
occurrence of .r5e f i r s t  day of each of t h e  1 4  spzwns r e l a t i v e  t o  s i g n i f l c a n t  
2 
r a i n f a l l  (F igure  2 ) .  The t e s t  was no t  s i g n i i i c a n l :  (X = 9 . 0 ,  d .  f. = 9 )  a t  
t h e  952 level, 5.ndicet.ir;g t h a t  t h e  f i r s t  day  of a npamin:l; event, at l ea s t  
for: t h e  19 81-S2 season ,  was no t  dircc t l y  r d z t e i l  t o  a specli.fic f~ntcrvcll. 
of t h e  fol lcwing t h e  oiiset of r a i n .  
Barometric P re s su re  
A s i g n i f i c a n t  r e l a t i o n s h i p  was found between barometr ic  p re s su re  and 
spawning. For t h i s  a n a l y s i s ,  frequency of occurrence of 24-hr per iods  of 
f a l l i n g  barometr ic  p re s su re ,  i n  which average p re s su re  f e l l  below 30.0 
inches ,  was compared wi th  t h e  occurrence of t he  f i r s t  day of a spawning 
2 
event .  A Chi t e s t  showed t h a t  t h e  occurrence of t h e  onse t  of t h e  14 
spawns was no t  randomly d i s t r i b u t e d  r e l a t i v e  t o  pe r iods  of f a l l i n g  baro- 
2 
m e t r i c  p re s su re  (X = 23.0,  d. f .  = 9 ,  s i g n i f i c a n t  a t  95% l e v e l )  (Figure 3 ) .  
Eleven of 14 spawns began w i t h i n  3 days a f t e r  t h e  start of a  per iod  o f  
f a l l i n g  p re s su re .  
Tides 
S p r a t t  (1381) found 
cyc le  f o r  S s n  Francisco  
a r e l a t i o n s h i p  between spawning even t s  and . t i d a l  
Bay h e r r i n g .  Prom Decexber 1973 t o  February 1977 
spawning seasons,  spawning did n o t  occur  randomly b u t  was s i g n i f  ic .ant ly  
more f requent  dur ing  pe r iods  when t h e  h ighes t  d a i l y  t i d e  was dur ing  dark- 
ness .  During t h e  134 days of t h e  1981-82 spawning season (November 1 t o  
March 14)  h ighes t  t i d e  occurred dur ing  darkness  on 42 days (312). Seven- 
t een  of 48 (35%) spawnlng days occurred when h i g h e s t  t i d e  was a t  nigh:. 
2 A Chi t e s t  showed t h a t  t h i s  was no t  s i g n i f i c a n t l y  d i f f e r e n t  from random 
(2 = 0.39,  d.f . = 1 ) .  The onse t  of  s i x  of 14 spmmlng even t s  occurred 
during per iods  of 
d i f f e r  en t Srom an  
h ighes t  t i d e  i n  dorkness .  Th i s  a l s o  was n o t  s i g n i f i c a a t l y  
expected r a i d o  d i s t r i b u t i o n  (x* = 1 . 4 ,  d . f .  = 1 ) .  
Herri.ng Samples 
1 OBSERVED 
n EXPECTED 
NUMBER OF DAYS 
Figure 2. Number o f  spmn onsets  observed and expected t o  occur r e l a t i v e  t o  
number of days following f i r s t  day of period of r a i n f a l l  (g rea te r  
than 0.1  inches). 
OBSERVED 
1 EXPECTED 
TABLE 4. Herring Samples ( n >  1 0 )  C o l l e c t e d  i n  San F r a n c i s c o  Bay d u r i n g  
1981-82 Season. 
Sample Number Number t a k e n  Number of 
number Date ~ o c n t i o n ~ l  -.- ~ea?' measured f o r  -- o t n l i t h s  f i s h  aged 
-I I
Dec 9 
Dec 9 
J a n  7 
J a n  19 
Jan 20 
J a n  20 
J a n  20 
Jan 20 
Jan 20 
Jan 20 
J a n  22 
Jan 22 
J a n  22 
Jan 26 
Jan 26 
Jan 27 
J a n  27 
Feb 2 
Feb 2 
Feb 2 
Feb 2 
Feb 2 
Feb 2 
Feb 2 
Feb 3 
Feb 5 
Feb 9 
Feb 9 
Feb 10 
Feb 1 0  
Feb 1 0  
Fcb 12 
Fe t  12 
Peb 16 
Feb 1 6  
Feb 16 
F!ar 3 
Mar 4 
K?i: 9 
Figr 1.1 
PP 
EANG 
PI? 
PI' 
Pi? 
SAUS 
SAU S 
SAU S 
SAUS 
SAUS 
SAUS 
s All S 
SAUS 
SAUS 
AY 
HP 
HP 
I C 
IC 
I C 
S 1\11 s 
SAUS 
ShlJS 
SAU S 
RB 
AY 
SAUS 
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TABLE 4. (continued) 
2/ Legend: GN-A - '5 panel  g i l l  n c t ,  mesh s i z e s  1.875, 2 . O ,  2.125, 2.25,  
.. 
2.375 inches 
CN-B - 5 panel  g i l l  n e t ,  mesh sizes 1.5,  1.75, 2.0, 2.2,5, 
2.5  inches 
GN-C - 6 pane l  g i l l  n e t ,  mesh s i z e s  1.25, 1 .5 ,  1.75, 2.0,  
2.25, 2.5 inches 
LP - c a m e r c i a l  lampara n e t  
MT - 1 2  by 12  f t  (mouth opening) midwater t r a w l  
PS - cirrnnle~cial purse  s e i n e  
3/  Sample not sepa ra t ed  by mesh s i z e .  
-
41 Sample obta iwd at San Franc isco  wharf by Marine Resources Region 
- 
perso:znel. 
5 /  Sample n o t  randomly s e l e c t e d ,  n o t  used f o r  c a l c u l a t i o n  of mean l eng th  
- 
at age or f o r  assignment of ages.  
61 Only one f i sh  randomly s e l e c t e d  and used f o r  c a l c u l a t i o n  o f  mean l eng th  
- 
a t  age =d for assignment of ages .  
Size CompbsPtion 
Commercdnl R o u n d h a u l B i . .  samples from commercial pu r se  s e i n e  
and lampara vessels averaged 175.2 m BI. (Table 51, w i t h  94.8% of t h e  
f i s h  measurfng from 150 t o  199 mm EL. Samples were ob t a ined  from Jan- 
uary 20 t o  February 1 2  and only  encompassed t h r e e  major spawns dur ing  
the 1981-1382 season.  An examination of sample means (Appendix A) 
i n d i c a t e s  a s l i g h t  t r e n d  of dec reas ing  mean length  a s  t h e  season  progressed 
from January  t o  February. Sample means ranged from 168.8 t o  179.8 m, 
exc luding  one sample c o l l e c t e d  dockside by MRR. 
Midwater T r m r l  Samples. Four samples were obtained tcith t h e  midwater 
trawl from January  22 to February 1 6  and contained f i s h  from t h r e e  major 
spawning e v e n t s  (the February 10-12 spawn was n o t  sampled wi th  t h e  mid- 
water  t rawl) .  Mean BL f o r  a l l  samples combined was 171.9 mm (Table 5 ) .  
The t h r e e  samples (15, 19 ,  22,  Table  4)  taken du r ing  t h e  same per iod  a s  
t h e  commercial roundhaul  samples averaged 175.8 mm BL, w i t h  35.3% of t h e  
f i s h  i n  t h e  s i z e  range 150 t o  199 mm BL (Appendix B). A s t u d e n t ' s  "t" 
test  showed t h a t  mean BL for midwater t r a w l  sample 15 (177.5 mm) was n o t  
s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  o f  combined roundhaul samples 8 ,  13 ,  and 
14 (Table 43 (177.7 mm) (p = 0.90). A l l  of t h e s e  s m p l e s  were co l lec tec!  
from t h e  same syam::lng po&ation during t h e  same time per iod  and indicaise 
*hat %Pie t w o  g e a r  types are comparable. Mean BL f o r  midwater t r a w l  sm- 
pies 1.9 and 22 (175.4) w a s  s j - g n i f i c a n t l y  d i f f e r e n t  from t h a t  o f  round- 
haul samples 16 and 27 (Table 4) (177.4) a t  t h e  95% l e v e l  of  signific;..i)c.:e . 
bat nc t  a t  t t -~  9% ; level of s i g n i f i c a n r e  (p = 0.03). Sample 36 ('Sah1.r. 4 )  
a;.:. obtained uslag the ~12dwtltcr t r awl  d u r i r . ~  t h e  February 16 spawn and 
i s -d i ca t e s  a zRi . f r :  t-marck a smal-ler s i z e  ccmposit-ion; on ly  one f i s h  oilt: 
a< 2T;O it.encwi~..? i>.xceec!..?d ?:St) T!K 13,. 
TABLE 5. Number of Pacific Herr ing  by Body Length (2-mm I n t e r v a l s ) ,  Com- 
bined by Gear Type, from San Franc isco  Bay Samples, December 1981 
S ize  Gear type 
i n t e r v a l  Round- Midwater G i l l  . , G i l l  . , 
(md h a u l  t r a w l  net&' n e t $ '  
Gear t ype  
S i z e  Round- Midwater G i l l  G i l l  
i n t e r v a l  h a u l  t r a w l  n e t  A n e t  B 
186-187 53 13 13 3 30 
188 
190 
19 2 
19  4* 
19 6 
19 8 
200 
202 
204 
206 
208 
2 10 
212 
214 
216 
218 
2 20 
222 
224 
226 
228 
1230 
N 
M e  an 
Std. 
dev. 
G i l l  n e t  A mesh array is 1.875, 2.0, 2.125, 2.25, 2.375 inches .  
L' G i l l  n e t  I3 mesh a r r a y  is 1.5, 1.75, 2.0,  2.25. 2.5 inches.  
*Number of f i s h  i n  t h e s e  s i z e  i n t e r v a l s  may be  under-represented .due t o  
a d d i t i o n  of a c a l c u l a t e d  c o r r e c t i o n  f a c t o r  f o r  frozen/thawed f i s h .  
G i l l  Net Samples. Sample mean BL f o r  herr ing co l l ec ted  wi th  t h e  1.875- 
t o  2.375-inch mesh a r r a y  ranged from 191.5 t o  205.7 mm BL, with an over- 
a l l  mean of 193.4 (Table 5, Appendix C) .  Samples 2 and 5 (Table 4) were 
col lec ted  1 month a p a r t  (December 9 and January 7) and represent  two dis-  
crete spawns, ye t  t he  mean BL and s i z e  compositions a r e  s imi la r .  Samples 
6 ,  7, 17,  18, and 20 (Table 4) were obtained from January 19 t o  February 2, 
encompassed two major spawns, and have'mean BL and s i z e  compositions simi- 
l a r  t o  each other.  Mean BL f o r  t h i s  group (192.4 mm) was s i g n i f i c a n t l y  
l e s s  (p < 0,001) than t h a t  of combined samples 2, 3, and 5 (199.0 m m )  
(Table 4), a f u r t h e r  Andication of a s h i f t  towards a smal ler  s i z e  compo- 
s i t i o n  a s  the  season progressed. Although t h i s  mesh a r ray  d id  not  e f f  i- 
c ien t ly  sample t h e  e n t i r e  s i z e  range of t h e  spawning schools (discussed 
l a t e r ) ,  t h e  d a t a  can be use fu l  f o r  comparing r e l a t i v e  numbers of f i s h  t o  
the  r i g h t  of t h e  peak of t h e  catch curve a t  190-193 mm. 
Sample mean BL for her r ing  col lec ted  with the  1.5- to' 2.5-inch mesh 
ar ray  ranged from 169.9 t o  186.2 mm BL, with an o v e r a l l  mean of 178.4 mm 
BL (Table 5, Appendix D). Only two f i s h  were caught i n  the  1.25-in mesh; 
these  measured 134 and 154 nmn BL and w e r e  not included i n  t h e  data  analyses. 
Samples were obtained from February 2 t o  March 12 and encompassed f i v e  
major spawns (no saxnpfes were obtained from the  l i g h t  spawn of February 28)  
There was a s l i g h t  b u t  steady decrease i n  mean BT, f o r  groups of samples, 
assigned t o  d i s c r e t e  spawning even t s ,  from February 5 t o  March 12 a s  fo l -  
laws: samples 28, 30, 31, and 35 (Table 4 ) ,  mean BL 181.5 rmn; samples 
37 and 38 (Table 43 me= BL 179.6; samples 39 and 40  able 4 ) ,  mean EL 
177.4; samples 41, 42,  and 43 CIablc 4 ) ,  mean BL 175.8. 
The r e l a t i v e  ief f i c i e n c y  of the 1.5- to 2.5-inch mesh a r r a y  compared 
with t h e  1.875- to 2.375-inch mesh a r r a y  is shown by comparing samples 
20 and 2 1  (AppedZces C and D) . These were obta ined  by f i s h i n g  t h e  two 
d i f f e r e n t  g i l l  nets s imul taneous ly  a t  t h e  same l o c a t i o n .  
Although t h e  X.5- t o  2.5- i n c h  mesh array sampled t h e  e n t i r e  s i z e  
range of h e r r i n g  d f i c i e n t l y  (except  f o r  f i s h  less than  140 mm, a  r a r e  
occurrence) , t h e r e  may be a b i a s ,  p a r t i c u l a r l y  i n  sma l l e r  samples,  towards 
a h ighe r  p r o p o r e h n  of l a r g e r  fish due to t h e  combined f i s h i n g  e f f o r t  of 
t h e  l a r g e r  mesh panels. For example, g i l l  n e t  sample 2 1  (N = 436) w a s  
compared wi th  coarrrnercial roundhaul  samples 16  and 27, from t h e  same spawn- 
ing  period. Mea~ BL (176.6 vs. 177.4 mm) was no t  s i g n i f i c a n t l y  d i f f e r e n t  
(p = 0.40) . However, mean BL f o r  combined g i l l  n e t  samples 28 , .  30, 31, 
and 35 (181.5 I B B ~ ~ ,  with average  sample size of  73, w a s  s i g n i f i c a n t l y  
g r e a t e r  than  t h a ~  of combined roundhaul samples 29, 32, 33, and 34, col-  
l e c t e d  dur ing  the same spawning pe r iod .  
A s e r i e s  of s e 2 e c t i v i t y  cu rves  was genera ted  t o  show t h e  s i z e  compo- 
s i t i o n  of herrixqg samples  by g i l l  n e t  mesh s i z e  (F igure  4 ) .  A s e r i e s  of  
approximately n~r ;n ia l  curves  with s teadil-y i n c r e a s i n g  mean l eng th  occurs  
as mesh s i z e  i ncneases  from 1.5- t o  2.375-inches. A s e r i e s  of t - t e s t s  of 
mean BL was done Ior various combinat ions of g i l l  n e t  mesh s i z e s  compared 
with roundhaul calk4.ves from t h e  same t ime pe r iod .  Of t e n  combinations 
involving one or  arre of t h e  mesh sizes 1.5-, 1.75-, 1.875-, 2.0-, 2 . 1 2 5 ,  
and 2.25--inches, cmly  one combinatiorl, 1.5- and 1.75- inches  (mean BL 
172.1 nun) was no t  s i g n i f i c a n t l y  d i f f e r e n t  from mean BL for roundhaul sam- 
p l e s  (172.0 mx) a t  the 9 5 X  l e v e l  of s i g n i f i c a n c e  (p = 0.91). I n  f a c t ,  t h e  
differences of a l l  o t h e r  comLinations of m e s h  s izes  wrrc s i g n l f  i c ~ i n t l v  
hiz i t  (pd: 0.301>. Sf ::r rcngc. oJ5 the 1.5- pnd 1.75-inch :, .:-i: cn:r!~i;:at ic,:: 
2.5 inches 
1 2.25 inches 
20 n n n  n ii 2.3751 inch! ' I 1 F I I I 
2.125 inches N - 328 
Z = 195.8 
-- 
1 1.875 inches N=416 
r 6 
2 n n 
BODY LENGTH (2 rnm in te rva ls )  
" N=37 
n 
- 
I I 
x' = 208.4 
I 1 
(144 to 219 nun) w a s  a l s o  f a i r l y  s i m i l a r  t o  t h a t  of t h e  roundhaul ca tch  
(126 to 224 mm). 
Sex Ratlas 
Samples from t h e  1.5- t o  2.5-inch mesh a r r a y ,  commercial purse  
s e i n e  and lampara v e s s e l s ,  and midwater t r a w l  w e r e  c o n s i s t e n t  i n  t h a t  
percentage composition was g r e a t e r  f o r  females than f o r  males ,  ranging  
from 42.4 t o  58.4% (Table 6) . 
A t r end  was observed of inc reas ing  percentage of  female h e r r i n g  
with i n c r e a s i n g  mesh s i z e  i n  a l l  g i l l  n e t  samples conbined (Table 6 ) .  
Comparison wi th  sex r a t i o  d a t a  from ccmnercial roundhaul samples ind i -  
c a t e s  that t h i s  t r e n d  i s  probably r e p r e s e n t a t i v e  of t h e  schoo l s  sampled 
r a t h e r  than  a s e l e c t i v e  b i a s  due t o  mesh s i z e .  For example, males com- 
p r i s e d  only 29.2% of t h e  ca tch  from the four  l a r g e s t  mesh s i z e s ,  2.125- 
t o  2.5-i.nches. Plean BL f o r  t h e  2.3.25-inch mesh was approximately 195 m. 
From c m m e r c i a l  roundhaul  s anp le s ,  percentage composition of h e r r i n g  
TABLE 6 .  Sex Ratios of P a c i f i c  Herr ing by Gear Type from San Franci.sco 
Bay Samples, January t o  March 1982. 
Male Female 
Gear L ~ v e  Number Per cent  Numbcr Percent  
.- ---- 
1.5-hsC17, -mesh 81 
1 .75-bch  m ~ s h  14 2 
1 . 8 7 5 L z c h  mesh 9 7 
2 .O-inch mesh 232 
2.125-inch mesh 9 1 
2.25-hch r+sh 2 4 
2.375-inch ~nesh  3 
2.5-in& mcsn 1 
conb-ir,& 1 . 5 ,  1.. 75-, 2.0-, 
2.25-, :xi,! 2.5-inch r.esl;es 350 
cozi:lrr,cr.r5~l purse cej i-s: 433 
comer cia1 i m p a r n  3'3 
conhi-l.zd ~ ~ z ; ~ d ! ? a : : i  566 
n.i&wt. .r .  trtL;l 245 
g r e a t e r  than  o r  equal t o  194 mm BL ( s i z e  f requencies  were grouped by 
2 mm i n t e r v a l s )  w a s  30 .YX  m a l e s  (N = 31). The 1.5-inch mesh c a t c h  con- 
s i s t e d  of 63.3% males. Hean BL was 163 t o  166 m. From a l l  commercial 
roundhaul samples,  pe rcen tage  composi t ion o f  male h e r r i n g  l e s s  than  o r  
equal  t o  163 mm was 58.9% (N = 129). 
Stage of Matur i ty  
The ma jo r i t y  of h e r r i n g  sampled by a l l  gear  types  had mature gonads 
(Table 7 ) .  Herr ing  c o l l e c t e d  Ixy g i l l  n e t  had t h e  lowest  percentage of spen t  
TABLE 7. Stage of Maturity of Herring Sampl-es from San Franc isco  Bey, 
December 1981  t o  March 1-382, by Gear Type. 
. Mdes Females 
I"fatur3ng and Mature Spent 
--- 
Maturine -- Mature Spent 
Gear type  N P e r c e n t  N Percent  N Percent  N Pe rcen t  N Percent  
- 
Roundhaul 611 9 4 - 6  35 5.4 36 4.8 704 ' 93.9 10 1 . 3  
 ill n e t  786 97.8 97  2 . 1  10 0.9 1,108 98.5 7 0.6 
Midwater 206 83.3. 42 16.9 1 0.3 274 82.3 58 i 7 .4  I 
t raw1 
males and females,  whflc &he mldwater t r a w l  samples had a much h ighe r  pro- 
por t ion  of spent f i s h  . T h i s  5 s  due r a i n l y  t o  's ample 15 which cons i s t ed  of 
44 spent  h e r r i n g  (49.429. The m i d w a t e r  trawl i s  l imi t ed  t o  re1at ivcl .y  
shallow water  an3  :.st fbh w e r e  c o l l e c t e d  at- a depth of 20 f t  o r  l e s s .  
It is  l i k e l y ,  a l t hough  zmtestd ,  t h a t  many spawned-.out f i s h  aggrega te  I n  
loose  schools  near the  sxrface, mixing wi th  fSsh t h a t  a r e  about t o  s p a w ~ ,  
arid then  l eave  San Frimcii5co Bay soon af te rwards  i n  t h e  surface water- .  
Arre Composftion 
- 2 d - p  
P a i r s  of otol?ths . w e r e  rmaved  f r o m  2,415 h e r r i n g  (Table 4); of thcsc., 
2,3'39 were aged. Cm~pEet-rp. ~ ~ ~ ' t ~ l ~  Z.zatior~ occurred i n  2 .  I.% of a l l  ,otol-Lt?;:i 
1.875- t o  2.375-inch Nesh Array. A t o t a l  of 814 f i s h  was aged (Table 8). a 
.-- 
A g e ~  ranged f rom 2 to 9 gears, w i t h  mean l eng th  i n c r e a s i n g  w i t h  age u n t i l  
year 8. This  probably is  due t o  t h e  small number of 8-year-olds and v a r i a b l e  
growth r a t e s .  The fact t h a t  t h e  peak of t h e  "catch curve1' occurred a t  age 
4 years i n d i c a t e s  that ages  2 an2 3 y e a r s  w e r e  n o t  f u l l y  represented  i n  t h e  
samples and mean length at  t h e s e  ages  is overest imated;  i .e. only  t h e  
l a r g e s t  f i s h  of those y e a r  c l a s s e s  were caught i n  t h e  mesh a r r a y .  Within a 
year class, l e n g t h  a t  age v a r i e d  by as much as 47 mm ( f o r  5-year-olds) .  
However, variabi lzty  in growth showed some cons is tency  f o r  4-, 5 - ,  6 - ,  and 
'I-pea~--oli? fish; 90X of t h e  aged fish for each of t h e s e  yea r s  f e l l  w i t h i n  
a range of 23 to 27 m EL, 
Age composgtion changed between t h e  group of samples 2 ,  3 ,  and 5 and 
the  gruup of  smpPes 6, 7 ,  1 7 ,  18, and 20 (Table 9 ) .  The e a r l f e r  saiipl es 
were. c o l l e c t e d  from December 9 ,  1989 t o  January 7 ,  1982 and represented  
two major spawns; t h e s e  were .dominated by 5-year-olds (combined samples) 
and h s d  t h r e e  t b e s  the proporr ion  of 6-  and 7-year-olds as t h e  l a t t e r  
group, Samples 6, 7, 37,  18, and 20 w e r e  c o l l e c t e d  from January 1-9 t o  
February 2 and regresented t w o  o t h e r  spawns; t h e s e  were dominated by 
4-yea?:-olds, had a. higher percentage  of 3-year-oldc , and d s o  :i.ncluded 
sme l a r g e  2-yeas-olds, Thus a sh l f t  towsrds a younger age conpos i t ion  
occurrad as the  season ~ r o g r e s s e d  f rori  December to Februzry , 
Ctrher Gear 'i'pes. Fron a l l  o t h x  gear types ,  I., 4.36 f!l.sh were aged, 
---- .- 
w i t h  ages  r s n g i n ~ ,  ffrm 2 ::i; 8 y e a r s  ( T & l e  10) .  Mean BL increased  E m m  
162.4 x m  at age 2 g e a r s  to 217.0 1 7 3  at nge 8 years .  Propor t ions  of iaxr-.~: 
a t  eacb s h e  i.rrt.ervai. FCC u:..ed to a s r , L ~ n  2::~s to t.t,e re.l:~c.J.nIng !.,65!: 
fish co3.2..2r..t~d wj ti.! t h e  c~;.&;.:~::.r t . r ; w L  L.5-  :.o 2.5-,ineh x n s ? ~  gj71 j.;cr., ~ . - i j .  
a .  f::nm c~:~~~;: : :LI .L .:. sr:':zauJ - - ~ . ; - , . ; . C : I  <T;.J-.:ir-; 2 . 7 . .  ?2,  3.:;j. 
- 
TABLE 8. Number of P a c i f i c  Herring at Age by Body Length (2-mm Intervals )  
from 1.875-to 2.375-inch Mesh Array Gill Net Samples ,  San Fran- 
c i s c o  Bay, December 1981 t o  February 1982. 
S i z e  
interval Age (years) 
(m) 2 3 4 5 6 7 8 9 Total 
166 
168 
170 
172 
17 4 
176 
17 8 
180 
132 
184 
186 
. 188 
190 
19 2 
194* 
19 6 
198 
200 
20 2 
204 
206 
20 8 
210 
21.2 
214 
216 
218 
220 
222 
22 4 
226 
228 
2.30 
232 
23!+ 
236 
238 
244 
N 
f lean 
Scd . 
Y - . Age C?oz?ssiticfl of Pacific Herritig Sattples Based on Oto l i t h   gin^ and Subsequent Age 
A?sig:l'-ents by L m g t h  frcm 1.871ito 2.375-inch pksh Array Gill Net in San Francisco 
Lcy, December 1981 t o  F~5ruary 1982 .  
S i-^r.~ le itw.5er at age (years) Numb er Percent a t  age (years) 
r;.;.:., c. ,-: 7 2 3 4 5 6 7 8 9  
- --- - - 
Total assigned 2 3 4 5 6 7 8 9 
C1 
... 7 2 1  30 20 5 2 85 ! 15 8 25 35 23 6 3 
2 9 6 21 29 29 3 2 7 LO i.5 a 3. 34 3 3  
7 5 52 33 11 3 144 
5 6 21 1 4  1 4 2 
I 2 29 64 56 13 4 1 17 1 
- . . t 
.; I 3 54 11.2 73 22 6 273 
: q 
a- . 7 52 224 149 53 16 4 3 535 
.- .-: 
-. 
-1 s t  a?. 16 222 6i9 480 175 59 12 4 1,587 ' 773 I 
:: .,.z,n? &q 
. ,.,.., ,....- 
-, 3 ,  5 t 17 61 89 63 26 6 , 253 2 9 
1 14 39 30 11 4 1 T* 
6 23 34 24 10 2 1 
1; / 5 25 36 2 3  8 2 
0 14 50 33 3 
40 1 1 17 37 34 8 2 1 
I 
10 2 
299 
. . -. 4 34 131 100 26 7 1 303 1 303 
I 
1 20 43 26 8 2 
1 1 5  42 28 9 3 1 . 1  
1 11 43  33 9 2 ' 1  
TABLE 10. Number of P a c i f i c  Herr ing a t  Age by Body Length (2-mm I n t e r v a l s )  
from Commercial.Roundhaul Net, Midwater Trawl, and 1 . 5 t o  2.5-inch 
Mesh Gill Net Array Samples ,  San Francisco Bay, January t o  March 
1982. 
S i z e  interval Age (years) 
(ma> 2 3 4 5 6 7 8 T o t a l  
TABLE 10. (cont inued)  
Age (years )  
2 3 4 5 6 7 8 Tot a 1  
N 393 479 382 L23 41  15  3 1,436 
Mean 162.4 175.4 187.7 194-8 205.1 214.3 217.0 
Std. dev. 8.2 6 .4  7.2 7 .1 8 . 2  7.9 0 .8  
*Number of f i s h  in t h e s e  s i z e  i n t e r v a l s  may be  under-represented due t o  
add i t i on  of a c a l c u l a t e d  cor rec t i ,m f a c t o r  f o r  frozen/thawed f i s h .  
Age composition from roundkaral samples cons i s t ed  o f  92.9% 2-, 3-, and 
4-year-olds. Only 4 of 1,459 fish were 7 y e a r s  o r  o l d e r .  Midwater t r a w l  
samp? e s  were fairly s i m i l a r ,  v i th  94.6% 2-, 3-, and 4-year-olds. Samples 
from both gea r  t ypes  were dominated by 3-pear-olds from January 20 t o  
February 3, and by 2-year-olds until February 16.  
G i l l  n e t  samples had a lower percentage  of younger f i s h .  Only 86.3% 
of t h e  h e r r i n g  w e r e  2-, 3-, and 4-year-olds. However, f o r  t h e  l a r g e s t  
sample, number 21  IN = 436 f i s h ) ,  average age (3.1 yea r s )  was almost iden- a 
t i c a l  t o  t h a t  from midwater t r a w l  sample number 22 (3.0 y e a r s ) ,  taken on 
t h e  same day a t  the saute l o c a t i o n ,  March samples were cha rac t e r i zed  by a 
r e l a t i v e  s c a r c i t y  of f i s h  4 y e a r s  and o l d e r ,  bu t  p a r t i c u l a r l y  4-year-olds. 
I n  February samples,  4-year-o3.d~ camposed 26.4% of t h e  samples coinpared with 
9.1% i n  Narch. I n  gene ra l ,  age ccmposi t ion d a t a  i n d i c a t e  a t r e n d  toward 
younger f l s h  in  the spawning p o p u h t i o n  a s  t h e  season progressed.  
Samp1.e S i z e  
The v a r i a b i 1 i . t ~  of age  wit i i in  a p a r t i c u l a r  s i z e  i r t t : ~  : ; r r : l  w a s  used t o  
c a l c u l a t e  sample s i z e  of fish needed t o  he  aged next year .  We nccc!,:cl t o  knw.~ 
t h e  number of fish t o  be azed i n  erch 10-rim s i z e  i n t e r v a l  i n  o r d e r  t o  deter- 
mine age coinpc?sit.lon of each spzvniny, po?ulo t ior , .  h 95% coi-if i d c n c e  ir. '~crvel. 
of 1 ycr.i. f o r  t!lc agi: estj.nal.F?n f.?r a prr: 'cul  :;r r.i z e  5i:t.ervnl.,:nr 3;. ,: ' red, 
, I* ,ir f,  ;:;r ; .. .-. ;-(;.. .: i -.:, .. .:. c ! ; ~  s!;.; '..;, 1. 
. - , . . .. . - . .?ev$:; i.: ,I if  1. : :  . ;.!c..~..; . .:c for-  :.j;e !: .:..;:, 
TABLE 11. Age Composition of Pacific d e r r i n g  S a m p l e s  Based on Otolith Aging drd  Subie juar i t  A:? 
I Assignments by Length from Commercial P u r s e  Seine and Lampara  V e s s d l s  I i n  San Frccc isco  
I Bay, January  t o  February  19 82. I 
I 
I Sample Number a t  age (yea rs )  Number P e r c e n t  a t  age  (years)  
I number 2 3 4 5 6 7 8  T o t a l  ass igned 2 3 4  5 6 7 3 
I I I 
I I 
I T o t a l  426 565 364 80 20 3 1 1,459 866 1 2 9  39 2s 5 ' ~ j i .  T* 
I *T = t r a c e ,  less than 1%. I 
I 
cC) C J  r-l h 
N C n -  
l-i 
class 210 t o  219 mm EL (see T a b l e  10)  was 1.020 years  ( m a n  age = 6.185 
Z n  rr 
years ,  N = 2 7 ) .  Then, us ing  the  e q u a t i o n  
- d - where Z - a = 1.96 
2 2 
v-n-- 
when a = 0.05, o = the s t a n d a r d  d e v i a t j o n ,  and d = 1, t h e  error 
bound, (1.96) (1.02) --- L-$ , and n = 15.986, o r  16 .  Because approx imate ly  
'GT 
52 of f i s h  taken f o r  o t o l i t h s  could  n o t  b e  a g e d ,  one more f i s h  shou ld  be  
added ra n t o  compensate f o r  t h i s .  Thus, 17 f i s h  from each 10-mm s i z e  
i n t e r v a l  shou ld  be  talcen f o r  a g i n g ,  i f  p o s s i b l e ,  from each spawning popu- 
l a t i o n  s a m p l e .  By combining a l l  f i s h  less t h a n  150 mm and g r e a t e r  t h a n  
or equal  to 230 nim (these a r e  s c a r c e  i n  the samples)  i n t o  t w o  separate 
s i z e  i n l e n V a l . s ,  there w i l l  t h e n  be a  t o t a l  of 10 s i z e  i n t e r v a l s  t o  be 
sampled, 
Spratt, Jerome D. 1981. Status of the P a c i f i c  hs r r i .ng ,  _C,I,u~1,e,a h a l l e p ~ ~ s  
- 
aXLasil, r e sou rce  i n  C a l i f o r n i a  1972 to 1980. Calif. Dept. F i s h  and  
: m e ,  f i s h  Bull., (171):l-.107. 
APPENDIX A .  Number of P a c i f i c  Herring by Body Length (2-mm ~ n t e r v a l s )  from 
Commercial P u r s e  S e i n e  and Lampara N e t  Samples i n  San F r a n c i s c o  
Bay, January  20 t o  February 1 2 ,  1982. 
Size  
i n t e r v a l  
(m) 8 9 -  1 3  1 4  1 6  23-2&/ 27 29 
N 124 87 16 7  124 12 4  8 8  164 135 
Mean 179 .1  1 8 4 . 1  177.4  176.6 179.8  179.0 175.5 167.'9 
Std .  dev.  12.0  1 0 . 1  1 2 . 3  11 .9  12.6  1 0 . 1  10 .2  13.0  
1/ Samples c o l l e c t e d  docks ide  by Marine Resources  Region p e r s o n n e l .  
- 
*Location of median body l e n g t h  (BL) . 
**Number o f  f i s h  i n  t h e s e  s i z e  i n t e r v a l s  may be  under - represen ted  due t o  
a d d i t i o n  of a c a l c u l a t e d  c o r r e c t i o n  f a c t o r  f o r  f rozen l thawed  f i s h .  
APPENDIX A. (continued) 
Size  
i n t e r v a l  Sample number 
(m) 32 33 34 T o t a l  
N 
Mean 
Std .  dev. 11.1 
-
12.0 14.4 . 12.7 
*Location of median BL 
**Number o f  f i s h  i n  t h e s e  s i z e  i n t e r v a l s  may be under-represented due t o  
a d d i t i o n  of  a  c a l c u l a t e d  c o r r e c t i o n  f a c t o r  f o r  frozen/thawed f i s h .  
APPENDIX B. Number of P a c i f i c  H e r r i n g  by Body Length (2-mm I n t e r v a l s )  from 
Midwater Trawl Samples i n  San F r a n c i s c o  Bay, J a n u a r y  22 t o  
February 1 6 ,  1982. 
S i z e  
interval Sample number 
(m) 1 5  19 22 36 T o t a l  
N 
Mean 
S t d .  dev. 12 .5  9 . 5  10.6  12.2  12.9 
*Locat ion of  median BL 
**Number o f  f i s h  i n  t h e s e  s i z e  i n t e r v a l s  may be  under - represen ted  due t o  
a d d i t i o n  of a c a l c u l a t e d  c o r r e c t i o n  f a c t o r  f o r  f rozen / thawed  f i s h .  
APPENDIX C, Number o f  Pacific ~ c r r i n ~  by Body Length (2-rmn I n t e r v a l s )  f rom 
1 .875- to  2.375-inch Flesh Ar ray  G i l l  N e t  Samples  i n  San F r a n c i s c o  
Bay, December 8, 1 9 8 1  t o  F e b r u a r y  '2 ,  1982.  
S i ze  
i n t e r v a l  Sample number 
(m) 2 3 5 6 7  1 7  18 2 0 T o t a l  
N 8  5 34 144  42 1 7  1 273 535 303 1 , 5 8 7  
Mean 198 .4  205.7 1 9 7 . 8  1 9 1 . 9  1 9 2 . 3  191.6  192.7  192.8  i 9 3 . 4  
S t d .  dev.  1 3 . 1  1 4 . 6  1 2 . 2  9 . 4  9 . 6  1 0 . 3  1 1 . 9  9 .0  1 0 . 9  - 
* ~ o c a t i % ; ~  o f  median BL. 
**Number of f i s h  i n  t h i s  s i z e  i n t e r v a l  may be  u n d e r - r e p r e s e n t e d  due  t o  
a d d i t i o n  of a c a l c u l a t e d  c o r r e c t i o n  f a c t o r  f o r  f r o z e n l t h a w e d  f i s h .  
APPENDIX D. Number of P a c i f i c  H e r r i n g  by Body Length (2-nun I n t e r v a l s )  from 
1.5- to  2.5-inch Mesh Array G i l l  Net Samples i n  San Francisco Bay, 
February 2 t o  March 12 ,  1982. 
S i z e  
i n t e r v a l  Sample number 
(mm) 2 1  2 8 30 3 1  35 37 38 3 9 40 
144 
146 
148  
150 
15 2 
154 
156 
15 8 
160** 
16 2 
164 
166 
168 
170 
17 2 
174 
176 
178 
180 
182 
184 
186 
188 
190 
19 2 
194** 
19 6 
198 
200 
202 
204 
206 
208 
2 10 
212 
21.4 
216 
2 1 8  
L220 
N 
Mean 
S td .  dev .  12.7 1 2 . 5  13.7  18.6 13 .1  13 .5  12 .8  20.3  14 .3  
*Location o f  median BL. 
**Number of f i s h  i n  t h e s e  s i z e  i n t e r v a l s  may be  under - represen ted  d u e  t o  
a d d i t i o n  of a c a l c u l a t e d  c o r r e c t i o n  f a c t o r  f o r  f rozen / thawed  fish. 
APPENDIX D. ( con t inued)  . 
Size 
i n t e r v a l  Sample number 
(mm) 4 1  42 4 3 T o t a l  
S td .  dev.  1 7 . 1  15.2 1 7 . 3  1 3 . 5  
*Location of median BL. 
**Number of f i s h  i n  t h e s e  s i z e  i n t e r v a l s  may be. under - represen ted  due  t o  
a d d i t i o n  o f  a c a l c u l a t e d  c o r r e c t i o n  f a c t o r  f o r  f rozen / thawed  f i s h .  
